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1Chronic ob struc tive pulm ona ryd ise a se (COPD) isa le a d ing c a use ofm orta lityw orld w id e 1.W e pe rform e d a g e ne tic a ssoc ia tionin15,256 c a se sa nd 47,936 c ontrols,w ith re plic a tionofse le c ttopre sults(P < 5x10-6) in9,498 c a se sa nd 9,748 c ontrols.Inthe c om b ine d m e ta -a na lysis,w eid e ntifie d 22 loc ia tg e nom e -w id e sig nific a nc e ,ofw hic h 15 ha ve b e e na ssoc ia te d w ith lung func tioning e ne ra lpopula tionsa m ple s,a nd 4 (EEFSEC,DSP,M TCL1,a nd SFTPD) a re nove l.W e note d 2 loc isha re d w ith pulm ona ryfib rosis(FAM 13A a nd DSP) b utw ith opposite risk a lle le sforCOPD.None ofourloc iove rla ppe d w ith g e nom e -w id e a ssoc ia tionsfora sthm a ;how e ve r,one loc usha sb e e nim plic a te d inthe jointsusc e ptib ilitytoa sthm a a nd ob e sity.W e a lsoid e ntifie d g e ne tic c orre la tionb e tw e e nCOPD a nd a sthm a .Ourfind ing shig hlig htnove lloc i,d e m onstra te the im porta nc e ofspe c ific lung func tionloc itoCOPD,a nd id e ntifypote ntia lre g ionsofg e ne tic ove rla pb e tw e e nCOPDa nd othe rre spira toryd ise a se s.
COPD isc ha ra c te rize d b ype rsiste nta nd prog re ssive a irflow lim ita tiond ia g nose d b ylungfunc tionte sting 1.W hile c ig a re tte sm oking isthe m a jorrisk fa c tor,susc e ptib ilityisa lsoinflue nc e db yg e ne tic s2-4.W e e sta b lishe d the Inte rna tiona lCOPD Ge ne tic sConsortium (ICGC) tocoord ina tee ffortstofind susc e ptib ilityloc i5.W e d e fine d c a se sb a se d onpre -b ronc hod ila tore vid e nc e ofm od e ra te -to-se ve re a irflow lim ita tionb ym od ifie d GOLD c rite ria 6;c ontrolsha d norm a lspirom e try,a nd a lla na lyse sw e re a d juste d fora g e a nd c ig a re tte sm oking (pa c k-ye a rsa nd sm oking sta tus).W epe rform e d a tw o-sta g e g e nom e -w id e a ssoc ia tionstud y(Fig ure 1).InSta g e 1,w e c om b ine d 26c ohorts(Supple m e nta lTa b le S1) c onta ining 63,192 ind ivid ua ls(15,256 COPD c a se sa nd 47,936c ontrols).W e se le c te d 79 loc iw ith P < 5x10-6 a nd ina na lysisSta g e 2,w e te ste d the m inthe UKBiLEVEd a ta se t(9,498 COPD c a se sa nd 9,748 c ontrols) from the UK Biob a nk a nd pe rform e d a nove ra llm e ta -a na lysis(Supple m e nta lTa b le S3).W e id e ntifie d 13 g e nom e -w id e sig nific a nt(P < 5x10-8) a ssoc ia tionsinSta g e 1.Follow ing theSta g e 2 a na lysis,a na d d itiona l9 loc ia c hie ve d g e nom e -w id e sig nific a nc e inthe ove ra llm e ta -
2a na lysis(Ta b le 1 a nd Fig ure 2).Ofthe 22 g e nom e -w id e sig nific a ntloc id e sc rib e d inourstud y,9ha ve b e e npre viouslyd e sc rib e d a sg e nom e -(ore xom e -) w id e sig nific a ntinstud ie sofCOPD4,7-10:
H H IP,CH RN A5/15q25,H TR4,FAM 13A,RIN3,TGFB2,GSTCD/NPNT,CYP2A6/19q13,a nd16p11.2/IL27.Ana d d itiona l8 loci:ADGRG6/GPR126,TH SD4,ADAM 19,TET2,CFDP1,AGER,ARM C2,a nd RARB ha ve b e e npre viouslyd e sc rib e d a nd re plic a te d (Supple m e nta lTa b le S6) ing e ne ra lpopula tionGW ASsoftw om e a sure soflung func tion(FEV1 a nd FEV1/FVC) tha ta re use d inc onjunc tiontod ia g nose COPD11-17.One loc usne a rPID1w a spre viouslya ssoc ia te d w ith FEV1/FVC,b utha d notre plic a te d inthose stud ie s13,17.Fourloc ia re ne w lyb e ing d e sc rib e d a sg e nom e -w id esig nific a ntina ssoc ia tionw ith e ithe rCOPD orlung func tion:EEFSEC,DSP,M TCL1,a nd SFTPD(Fig ure 3).Toe xplore the pote ntia lfunc tiona nd c a usa lg e ne sforournove lloc i,ina d d itiontousingpub lic lya va ila b le d a ta se tsa nd prioritiza tiontools(Supple m e nta lTa b le S7),w e a lsoe xa m ine d ala rg e rse toflung e xpre ssionqua ntita tive tra itloc i(e QTL) in1038 sub je c ts,inc lud ing sub je c tsw ithCOPD18 (Supple m e nta lTa b le S8).Ase QTLa re pe rva sive ,w e a lsoa tte m pte d tod e te rm ine w he the roura ssoc ia tionsig na lc o-loc a lize d 19 w ith a ne QTLsig na linlung tissue (Supple m e nta lTa b le S9).W e found strong e vid e nc e ofc o-loc a liza tion(poste riorprob a b ility> 0.8) forDSP,a m a jorprote inofd e sm osom e sre quire d fore pid e rm a linte g rity20,a nd M TCL1,im porta ntine pithe lia l-c e ll-spe c ificm ic rotub ule sta b iliza tion21,22,a nd e xpre sse d inre spira torye pithe lia lc e lls23.Va ria ntsinstrong LDw ith ourtopM TCL1 va ria ntrs647097a ppe a rtoha ve e nha nc e rhistone m a rksinfe ta llungfib rob la sts24,25.Inc ontra st,w e found noe vid e nc e ofa strong e QTLsig na lorc o-loc a liza tiona tourothe rtw onove lloc i.At3q21,EEFSEC isa pote ntia lc a nd id a te ,a sitisa pa ra log ofTUFM ,a topb lood a nd lung e QTLg e ne forthe 16p11.2/IL27COPD susc e ptib ilityloc us10,re c e ntlypa rtofa nove lCOPD-re la te d pa thw a yinvolving N LRX126-28.At10q22,pulm ona rysurfa c ta nt-a ssoc ia te d prote inD(SFTPD) isthe m ostlike lyc a nd id a te ,a sitishig hlye xpre sse d inpne um oc yte s23,a nd sftpd (-/-) m ic ed e ve loppulm ona rye m physe m a 29.SFTPD ha sb e e ne xplore d a sa COPD b iom a rke r30,a nd w hile
3rs721917isnota ne QTL,polym orphism sin SFTPD,inc lud ing rs721917,m a yle a d tod e c re a se dsurfa c ta ntprote inD le ve ls31;thoug h the a ssoc ia tionofSFTPD polym orphism sw ith COPDsusc e ptib ilityha ve b e e ninc onsiste nt.Oura na lysisa lsole d tosom e a d d itiona linsig htsintoothe rpre viouslyd e sc rib e d loc i.W e found e vid e nc e ofCOPD a ssoc ia tiona nd e QTLsta tistic a lc o-loc a liza tioninlung tissue (poste riorprob a b ility> 0.8) forTH SD4,H H IP,AGER,CH RNA3,a nd RARB(Supple m e nta lTa b le S9).Ad d itiona ld a ta one QTLs(Supple m e nta lTa b le S8),c ohort-spe c ifica ssoc ia tionsa te a c h loc us(Supple m e nta lFig ure sS1a -v),fine m a pping (Supple m e nta lRe sultsa ndTa b le S20),a nd othe rsupportive a na lysisforpre viouslyd e sc rib e d a nd nove lloc ic a nb e found inthe Supple m e nta lM a te ria ls.W e note d tha tourtopva ria nta tDSP (rs2076295) isa lsoa ssoc ia te d (P = 1.1x10-19) w ithpulm ona ryfib rosis32.Re c e ntly,a re -se que nc ing stud y33 a tthisloc usid e ntifie d a se cond fib rosis-a ssoc ia te d va ria nt(rs2744371).W e pe rform e d a d d itiona la na lysistoinve stig a te g e ne tic ove rla pinthisre g ionusing g w a s-pw 34 (se e Supple m e nt).W e found a poste riorprob a b ilityof> 0.99 forove rla pa tthe FAM 13A loc us(topfib rosisSN P,rs2609255;Pfib rosis = 2.20x10− 11,PCOPD = 1.9x10-7) a nda poste riorprob a b ilityof0.84 forove rla pne a rM APT/KANSL1 (topPfib rosis = 8.87×10–14,PCOPD =4.5x10-3);w hile the la tte rloc usd id notre a c h g e nom e -w id e sig nific a nc e inourstud y,w e note itsind e pe nd e ntd isc ove ryina g e nom e -w id e a ssoc ia tionine xtre m e soflung func tion16.N ota b ly,fora llfourofthe se va ria nts,the fib rosisrisk a lle le isprote c tive ford e ve lopm e ntofCOPD.Em physe m a ,ake yc om pone ntofCOPD,a nd pulm ona ryfib rosisa re b oth sm oking -re la te d lung d ise a se stha tha veb oth sha re d a nd d istinc tpa thophysiolog y35-37,thoug h g e ne tic loc iw ith opposing e ffe c tsha ve notb e e npre viouslyd e sc rib e d .Ad d itiona linve stig a tionofthe se loc ia sa w e lla sa m ore c om pre he nsivea sse ssm e ntofg e ne tic ove rla pofCOPD a nd pulm ona ryfib rosism a yle a d toinsig htintob othd isord e rs.Be c a use oura na lysisre lie d ona spirom e tric d e finitionofCOPD a lone ,w e d id notspe c ific a llye xc lud e othe rc a use sofa irw a yob struc tionsuc h a sa sthm a ,w hic h c a nove rla pw ith
4COPD ina d ults38.Tod e fine COPD,w e use d pre -b ronc hod ila torspirom e try,w hic h w a sa va ila b lea c rossa llc ohorts,a nd w e inc lud e d a tle a stm od e ra te lya ffe c te d c a se s(FEV1 < 80% pre d ic te d ).W ee xa m ine d the topse tofg e nom e -w id e sig nific a ntre sultsina sub se tofourla rg e stc ohortsw ith b othpre -a nd post-b ronc hod ila tord a ta a nd d e nse lyim pute d g e notype s;ove ra ll,the e ffe c tsize s(m e a nd iffe re nc e = 0.001) a nd P va lue s(m e a nlog 10 P va lue d iffe re nc e = 0.18) w e re sim ila r(Supple m e nta lTa b le S10 a nd Supple m e nta lFig ure sS4 a nd S5).Ina d d ition,a re c e ntGW AS ofFEV1,FVC,a ndFEV1/FVC d id notfind sub sta ntia ld iffe re nc e sinc lud ing a nd e xc lud ing sub je c tsw ith a sthm a 16.Inthe79 va ria ntste ste d inSta g e 2,w e found nosig nific a ntd iffe re nc e inthe OR forCOPD a ssoc ia tionw he ninc lud ing a nd e xclud ing ind ivid ua lsw ith a sthm a (Supple m e nta lFig ure S6).W e e xa m ine dCOPD a ssoc ia tionsofg e nom e -w id e sig nific a nta sthm a (a nd a sthm a -a ssoc ia te d tra its) loc ifrom theNH GRI-EBIGW AS Ca ta log 39 (Supple m e nta lTa b le S11).W e a lsoc om pa re d ourCOPD a ssoc ia tionre sultstothe GABRIELa sthm a stud y40 (Supple m e nta lTa b le sS12).None ofthe g e nom e -w id esig nific a ntloc ifrom a sthm a a nd COPD ove rla ppe d .Furthe r,noa sthm a orCOPD loc ishow e dBonfe rroni-a d juste d (fornum b e roflook-ups) sig nific a nta ssoc ia tionw ith the othe rd ise a se ,thoug hse ve ra lloc ishow e d nom ina l(P<0.05) sig nific a nc e (Supple m e nta lTa b le sS11 a nd S12).The 16p11.2(CCDC101) loc usha sb e e nd e sc rib e d inthe jointsusc e ptib ilitytoa sthm a a nd ob e sity41.COPDsusc e ptib ilityisstrong lyre la te d toc ig a re tte sm oking .Tw oofourloc i(15q25 a nd 19q13) ha veb e e npre viouslya ssoc ia te d w ith sm oking b e ha vior42,43,thoug h w e found noa d d itiona le vid e nc e ofove rla ping e nom e -w id e sig nific a ntva ria ntsd e sc rib e d inthe NH GRI-EBIGW AS Ca ta log 39 a ndTob a c c oa nd Ge ne ticsConsortium GW AS43 (Supple m e nta lTa b le sS13-S15).Inc ontra sttom inim a love rla ping e nom e -w id e sig nific a ntre sultsw ith a sthm a a nd sm oking ,w e d isc ove re d a sig nific a ntove ra llg e ne tic c orre la tionofCOPD w ith a sthm a (rg e ne tic = 0.38,P = 6.2x10-5) using LD sc orere g re ssioninourw hite sub je c ts44,45.W e a lsoa sse sse d g e ne tic c orre la tionw ith popula tion-b a se dlung func tion,pulm ona ryfib rosis,sm oking b e ha vior,a nd tw oc om m onCOPD c om orb id itie s,c orona rya rte ryd ise a se a nd oste oporosis.W e id e ntifie d sig nific a ntc orre la tionofCOPD w ith lung
5func tiona nd tw oa spe c tsofsm oking b e ha vior,b utnotw ith c om m onc om orb id itie sorw ithpulm ona ryfib rosis(Fig ure 4).The la c k ofsig nific a ntc orre la tionofCOPD w ith pulm ona ryfib rosism a yind ic a te ourove rla pping loc iforCOPD a nd pulm ona ryfib rosisa re notre pre se nta tive ofab roa d e rd ise a se c orre la tion;a lte rna tive ly,itc ould re fle c tlim ite d sa m ple size ora m ixofpositivea nd ne g a tive g e ne tic c orre la tionsa c rossthe g e nom e forthe d ise a se s.Inpote ntia lsupportofthisla tte rhypothe sis,a nd inc ontra sttothe loc iw e d e sc rib e inthisstud y,a re re c e ntd e sc riptionsofra re va ria ntsinte lom e re g e ne spre d isposing tob oth e m physe m a ,a ke yfe a ture ofCOPD,a ndpulm ona ryfib rosis37,46.Oura na lysisofpa rtitione d he rita b ilityid e ntifie d COPD g e ne tic a ssoc ia tione nric hm e ntinfe ta llung tissue (c oe ffic ie ntP = 3.5x10-7);othe ra na lyse sa lsosupportlung tissue orlung c e lltype s(Supple m e nta lM a te ria ls).Ourstud yis,toourknow le d g e ,the la rg e stg e nom e -w id e a ssoc ia tionstud yofCOPD c a se stod a te a nd inc lud e sove r60,000 sub je c ts(inc lud ing 15,256 COPD c a se s) inourSta g e 1 a na lysis. W ec hose toc om b ine sub je c tsofd iffe re nte thnic itie s,hypothe sizing tha tthe b e ne fitofsha re d riskfa c torsa c rosse thnic itie sw ould outw e ig h pow e rlossd ue tohe te rog e ne ity.W hile m e thod sha veb e e nd e ve lope d tha tc a nm ore rig orouslya sse ssthe d e g re e ofove rla pa nd provid e a d d itiona lpow e rinthisse tting 47,none ofournon-w hite c ohortsw e re suffic ie ntlysize d orpow e re d forthe sea na lyse s.COPD isa lsoa hig hlyhe te rog e ne ousd ise a se ;w he the ra m ore pre c ise phe notypicd e finitionw ould re sulting re a te rpow e risnotc le a r.W e use d a sta g e d stud yd e sig na nd e xa m ine dove ra llm e ta -a na lysisP-va lue stod e te rm ine g e nom e -w id e sig nific a nc e .Thus,9 loci(TET2,CFDP1,
TGFB2,AGER,ARM C2,PID1,M TCL1,SFTPD,a nd CYP2A6) from ourSta g e 1 a na lysis,w hich onlyre a c he d g e nom e -w id e sig nific a nc e ine ithe rthe Sta g e 2 UK BiLEVEa na lysisorthe ove ra llm e ta -a na lysis,should b e furthe rre plic a te d .H ow e ve r,sixofthe se 9 a ssoc ia tionsig na lsa re sig nific a ntifw e c onsid e ra Bonfe rronic orre c tion(P < 6.3x10-4) forthe 79 va ria ntste ste d inSta g e 2.Furthe r,8 ofthe se 9 va ria ntsb e c om e m ore sig nific a ntfrom the Sta g e 1 a na lysistothe ove ra llm e ta -a na lysis,
6w ith the e xc e ptionofRARB,w hic h ha sa pre viouslyre porte d a ssoc ia tionw ith b oth lung func tion13a nd a irflow ob struc tion15 (Ta b le 1).The m a jorityofoursig nific a ntloc iove rla pw ith lung func tionloc i,stre ng the ning thefound a tionforinve stig a ting the re la tionshipoflung func tionva ria b ilityinthe g e ne ra lpopula tiontorisk ofd e ve loping COPD.The se loc ia re unlike lytore fle c tsusc e ptib ilityfora sthm a orforc ig a re ttesm oking ;how e ve r,oura ssoc ia tiona sa w hole show se vid e nc e ofsha re d he rita b ilityw ith a sthm a(supporting inve stig a tionintosha re d g e ne tic e tiolog ie sforthe se d ise a se s) a nd c ig a re tte sm okingb e ha vior(d e spite a d justm e ntforsm oking inoursta tistic a lm od e l).W e id e ntifie d e nric hm e ntforfe ta llung c e lls,supporting a role fore a rlylife e ve ntsc ontrib uting tofuture risk ofCOPD.Fina lly,w eid e ntifyloc itha tove rla pw ith pulm ona ryfib rosis,b utw ith opposite risk a lle le s.Ourstud yhig hlig htsthe im porta ntc ontrib utionofg e ne tic a ssoc ia tionstud ie stound e rsta nd ing COPD,notonlyb yid e ntifying nove lloc i,b uta lsoillustra ting re la tionshipsw ith othe rpulm ona rytra itsa ndd ise a se s.
7O nline M e thod s
Stud yCohortsW e invite d inve stig a torsfrom 22 stud ie sw ith g e nom e -w id e a ssoc ia tiond a ta a nd COPDc a se -c ontrolorg e ne ra lpopula tionsa m ple sw ith spirom e trytopa rtic ipa te ina g e nom e -w id ea ssoc ia tionm e ta -a na lysis.Ad d itiona lly,w e inc lud e d fourc ohortsw ith Illum ina H um a nExom e v1.2a nd c ustom g e notyping b a se d prim a rilyonpriortopre sultsfrom a pre viouslypub lishe d COPDGW AS4,using re sultsw ith P < 1x10-4 using plink ‘--c lum p’onthe COPDGe ne non-H ispa nic w hite stope rform linka g e d ise quilib rium pruning (r2 < 0.8),pre fe re ntia llyre ta ining b oth a nim pute d a ndg e notype d topSN P a te a c h loc us.Ana d d itiona lg roupofva ria ntsw a sa c a nd id a te pa ne l,b a se d onre sultsfrom a pre viousc a nd id a te g e ne a na lysis48,a sw e lla sva ria ntsid e ntifie d ina ssoc ia tionw ithlung func tion(supple m e nting the e xisting c onte ntonthe a rra y,w hic h inc lud e d va ria ntsfrompre viousg e nom e -w id e a ssoc ia tionstud ie s),inc lud ing the le a d SN P a nd a 200kb re g iona round tha tSNP prune d forva ria ntsw ith P < 0.01 a nd r2 < 0.8,a nd a d d itiona ltop-ra nke d SNPsforCOPDGe ne -spe c ific a na lyse sforlung func tion,b ronc hod ila torre sponsive ne ss,e xa c e rb a tions,a nd SNPsfromc a nd id a te g e ne s.The b a se line c ha ra c te ristic softhe se 26 c ohortsc a nb e se e ninSupple m e nta lTa b le S1.Ea c hc ohortob ta ine d a pprova lfrom a ppropria te e thic a l/re g ula toryb od ie s;inform e d c onse ntw a sob ta ine d fora llind ivid ua ls.(Furthe rc ohort-spe c ific m e thod sc a nb e found inthe Da taSupple m e nt.) Asm ostofthe se c ohortsd id notha ve post-b ronc hod ila torspirom e try,w e use d am od ifie d d e finitionofGOLD c rite ria b a se d onpre -b ronc hod ila torspirom e try:forc e d e xpira toryvolum e in1 se c ond (FEV1) < 80% a nd FEV1 toforc e d vita lc a pa c ity(FVC) ra tioof< 0.7forc a se s,a nd FEV1 > 80% a nd FEV1/FVC > 0.7forc ontrols.Log istic re g re ssionw a spe rform e d ine a c h c ohort,a d justing fora g e ,se x,pa ck-ye a rsofsm oking ,e ve r-sm oking sta tus,c urre nt-sm oking sta tus,a nda nc e stry-b a se d princ ipa lc om pone nts,a sa ppropria te fore a c h stud y.Sum m a rysta tistic sw e re
8a sse sse d using Ea syQC49 ve rsion10.1.M ore d e ta ile d c ohortinform a tion,inc lud ing c ohort-spe c ificm e thod s,c a nb e found inthe Da ta Supple m e nt.
Ge nom e -wid e a ssoc ia tion qua lityc ontrolSum m a rysta tistic s,inc lud ing e ffe c ta lle le a nd othe ra lle le orie nte d tothe + stra nd ,e ffe c ta lle le fre que nc y,c hrom osom e a nd position(hg 19),a nd im puta tionqua lityw e re uploa d e d toase c ure site a tthe Brig ha m a nd W om e n’sH ospita l/Cha nning DivisionofN e tw ork M e d ic ine .Qua lityc ontrola sse ssm e ntsinc lud e d a sse ssing a lle le fre que nc ie sve rsus1000 Ge nom e sre fe re nc e ,sta nd a rd e rrorve rsussa m ple size ,a nd qua ntile -qua ntile plots.Va ria ntsw ith a nim puta tionqua litym e tric of< 0.3 (provid e d a hig he rthre shold forim puta tionqua lityw a snota lre a d yim ple m e nte d ),am inora lle le c ount(M AC) of< 20 using the e ffe c tive sa m ple size orthe num b e rofc a se sa nda d juste d forim puta tionqua lityw he re a pplic a b le ,w e re se ttom issing .Va ria ntsw e re inc lud e d form e ta -a na lysisifthe yw e re pre se ntina tle a st13 stud ie s(those w ith Europe a na nc e strya nd a tle a st7m illionm a rke rspa ssing a llqua litycontrolfilte rs).
Sta g e d GW AS m e ta -a na lysisInSta g e 1 ofthe a na lysis,w e use d M e ta l50,51 ve rsion2011-03-25 tope rform a fixe d -e ffe c tsm e ta -a na lysisofg e nom e -w id e d a ta from 22 stud ie sa nd foura d d itiona lCOPD cohortsg e notype dona nIllum ina H um a nExom e v1.2 pla tform w ith c ustom c onte nt;thisc onte ntinc lud e d a se tofCOPD c a nd id a te g e ne sa nd re g ionsid e ntifie d from priorCOPD GW AS e fforts4.W e a d juste d forinfla tionusing g e nom ic c ontrolc orre c tionine a c h stud y.W e inc lud e d stud ypopula tionsw ithsub je c tsofnon-Europe a na nc e stryinthe ove ra lla na lysis,a nd a d d itiona llye xa m ine d re sultslim ite dtostud ypopula tionsofEurope a na nc e stry.Toid e ntifyva ria ntstote stfora ssoc ia tioninSta g e 2 inthe UK BiLEVEstud y,w e se le c te d topre sults(P < 5x10-6) from the Sta g e 1 m e ta -a na lysis.W ese le c te d one le a d va ria ntfrom the c hrom osom e 15q25,FAM 13,a nd H H IP re g ions,a sa llofthe seha ve b e e nd e sc rib e d inm ultiple COPD GW ASs4,7,8,15.Forthe re m a ind e rofthe re g ions,w e pe rform e dlinka g e d ise quilib rium pruning using the plink2 --c lum pproc e d ure w ith a nr2 of0.5,a d d itiona lly
9e xa m ining the se SN Psforthe num b e rofc ohortsw ith pa ssing qua lityc ontrola te a c h va ria nta ndinc lud ing SNPsinstrong LD (i.e .,pa rtofthe sa m e c lum p) w ith a low e rd e g re e ofm issing ne ss.Toid e ntifyind e pe nd e ntre sults,w e use d GCTA-COJO 52,53 onthe Sta g e 1m e ta -a na lysisforva ria ntsw ithP < 5x10-6 using the d e fa ultd ista nc e of10M b .W e use d the COPDGe ne non-H ispa nic w hite s(a sthela rg e stre pre se nta tive popula tion) a sthe re fe re nc e popula tionforthe se a na lyse s.Anove ra llm e ta -a na lysisa c rossthe Sta g e 1 a nd Sta g e 2 (UK BiLEVE) c ohortsw a spe rform e d a nd va ria ntsw ith P <5x10-8 w e re c onsid e re d g e nom e -w id e sig nific a nt(Fig ure 1).
Lung e QTLa na lysisLung e xpre ssionqua ntita tive tra itloc i(e QTL) w e re c a lc ula te d from 1,111 hum a nsub je c tsw hound e rw e ntlung surg e rya tthre e a c a d e m ic site s,La va lUnive rsity,Unive rsityofBritishColum b ia (UBC),a nd Unive rsityofGroning e n,he nc e forth re fe rre d toa sLa va l,UBC,a nd Groning e n,re spe c tive ly.Thislung e QTLd a ta se tha sb e e nd e sc rib e d pre viously18,54.Brie fly,66.7% to91.2% ofthe ind ivid ua lsinthisstud yw e re c urre ntorform e rsm oke rsa nd 24.2% to35.3% ha d m od e ra te tose ve re COPD (GOLD spirom e tryg ra d e 2 to4).W hole -g e nom e g e ne e xpre ssionprofiling inthe lungw a spe rform e d ona c ustom Affym e trixa rra y(GPL10379).M ic roa rra ypre -proc e ssing a nd qua lityc ontrolsw e re d e sc rib e d pre viously18,55,56.Prob e se que nc e sw e re m a ppe d tothe hum a ng e nom e(hg 19) using Bow tie 57 a nd  prob e s not m a pping  to a  c od ing  re g ion or ha ving  a  c om m on SN P (M AF ≥  5% ) inthe irse que nc e w e re re m ove d .Expre ssiond a ta w e re a d juste d fora g e ,se x,a nd sm okingsta tususing re sid ua lsob ta ine d w ith the rob ustfitting ofline a rm od e lsfunc tion(rlm ) inthe Rsta tistic a lpa c ka g e M ASS.Re sid ua lva lue sd e via ting from the m e d ia nb ym ore tha nthre e sta nd a rdd e via tionsw e re filte re d a soutlie rs.Ge notyping w a sc a rrie d onthe Illum ina H um a n1M -DuoBe a d Chipa rra y.Tw e nty-one outofthe 22 SNPs(inm a inm a nusc riptTa b le 1) w e re g e notype d orim pute d inthe thre e c ohorts,i.e .La va l,UBC,a nd Groning e n.One ofthe SNPs,rs7186831,w a snotw e ll-im pute d ;a proxy,rs11865296 inm od e stlinka g e d ise quilib rium (r2 = 0.54,1000 g e nom e spha se 3,
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EUR) w a suse d inste a d .The se va ria ntsw e re te ste d fora ssoc ia tionw ith a d juste d e xpre ssiontra its(43,465 prob e se ts) inthe lung .SNPsw ithin1 M b upa nd d ow nstre a m ofthe tra nsc riptionprob ese tw e re c onsid e re d a sloc a l-e QTL.Dista nt-a c ting e QTLsw e re furthe rtha n1M b a w a yoronad iffe re ntc hrom osom e .Assoc ia tionte stsw e re c a rrie d w ith PLINK1.958,59 ine a c h c ohorta nd the nm e ta -a na lyze d using Fishe r’sm e thod .Allloc a le QTLw ith nom ina lP va lue < 0.05 inthe m e ta -a na lysisw e re c onsid e re d .Toprovid e a na d d itiona love ra lle stim a te ofe QTLsig nific a nc e ,w ec onsid e re d a Bonfe rronic orre c tionthre shold ([0.05/(22 SN Psx43,465 prob e se ts) = P va lue < 5.2x10-8]).Sta tistic a la na lyse sw e re pe rform e d inR3.2.360.
Co-loc a liza tion Ana lysisCo-loc a liza tionofsta tistic a lsig na lsb e tw e e nCOPD g e ne tic a ssoc ia tiona nd e QTLw e ree xa m ine d using the c oloc R pa c ka g e 19.W e use d phe notypic sum m a rysta tistic sfrom w hite sw ithg e nom e -w id e a ssoc ia tiond a ta a nd a lle QTLre sultsa nd e xa m ine d 500kb fla nksa round the top22g e nom e -w id e sig nific a nta ssoc ia tionsfound inthe ove ra llm e ta -a na lysis(Ta b le 1).
Se nsitivityAna lysisToe stim a te the e ffe c tofusing pre -inste a d ofpost-b ronc hod ila torlung func tiononourre sults,w e e xa m ine d the topse tofg e nom e -w id e sig nific a ntre sultsinourla rg e stc ohortsw ith b othpre -a nd post-b ronc hod ila tord a ta a nd d e nse lyim pute d g e notype s(COPDGe ne NH W a nd AA,ECLIPSE,NETT-NAS,a nd N orw a y/Ge nKOLS).Sinc e sub je c tsfrom the se c ohorts(e xc e ptforCOPDGe ne ) w e re inc lud e d b a se d onpost-b ronc hod ila torva lue s,inc lud ing a llsub je c tsw ith COPDb a se d onpost-b ronc hod ila torspirom e tryw ould le a d tola rg e rsa m ple size sa nd m a ke c om pa risonofP-va lue sm ore d iffic ult.Thus,w e c hose a ra nd om sa m ple ofpost-b ronc hod ila torc a se sa ndc ontrolstha tm a tc he d the num b e rofpre -b ronc hod ila torc a se sa nd c ontrols.W e pe rform e d log isticre g re ssionusing the se e qua lsize d se tofpre -a nd post-b ronc hod ila torc ohorts,a nd m e ta -a na lyze dthe re sults.
Asthm a ove rla p a na lysis
11
W e a sse sse d the ove rla pb e tw e e nourre sultsa nd know na sthm a susc e ptib ilityloc i.W ed ow nloa d e d inform a tionong e nom e -w id e sig nific a nt(P < 5x10-8) a ssoc ia tionsw ith a sthm a a nda sthm a -re la te d tra itsinc lud ing a sthm a a nd ha yfe ve r,a sthm a (c hild hood onse t),a sthm a(c ortic oste roid re sponse ),b ronc hod ila torre sponse ina sthm a ,pulm ona ryfunc tiond e c line ,a ndse ve re a sthm a inthe NH GRI-EBIGW AS Ca ta log 39.Ad d itiona lly,w e e xa m ine d topa ssoc ia te dva ria nts(w hic h w e re notg e nom e -w id e sig nific a nt) in the susc e ptib ilitytothe a sthm a -COPDove rla psynd rom e 61.Ina ll,w e a sse sse d the a ssoc ia tionsta tistic sof49 unique a sthm a -a ssoc ia te dtra itloc ia c ross26 g e nom ic re g ionsinourSta g e 1 m e ta -a na lysisre sults.W e a lsoe xa m ine d thea sthm a a ssoc ia tionsta tistic sofourtopCOPD locifrom ove ra llm e ta -a na lysisusing pub lic a llya va ila b le a sthm a GW AS d a ta from the GABRIELConsortium 40.ForCOPD loc inotpre se ntintheGABRIELConsortium a sthm a GW AS d a ta ,w e a tte m pte d toe xa m ine proxySN PsinLD (r2 > 0.5,1000 g e nom e spha se 1 CEU) w ith ourtopCOPD loc i.Toe xa m ine the g e ne tic c orre la tion45 ofCOPD a nd a sthm a ove rthe e ntire g e nom e ,w epe rform e d LD sc ore re g re ssion44 using sum m a rysta tisticsfrom pub lic a llya va ila b le a sthm a GW ASd a ta from the GABRIELConsortium 40.Fora llc om pa risonsusing LD sc ore re g re ssion,w e filte re d toH a pM a p3 va ria nts,lim ite d tow hite sub je c tsw ith g e nom e -w id e d a ta ,a nd filte re d onm issing ne ssusing d e fa ultpa ra m e te rsinm ung e _sum sta ts.py.Forthe GABRIELd a ta ,w e re quire d a va ria nttob epre se ntina tle a st35 ofthe stud ie s.
Sm oking b e ha viorove rla p a na lysisW e d ow nloa d e d inform a tionong e nom e -w id e sig nific a nt(P < 5x10-8) a ssoc ia tionsw ith thetra its“nic otine d e pe nd e nc e ” a nd “sm oking b e ha viour” inthe NH GRI-EBIGW AS Ca ta log 39.W ea sse sse d the se topsm oking -a ssoc ia te d SNPsinourSta g e 1 m e ta -a na lysisre sults.W e a lsoa sse sse dove rla pofsm oking a nd COPD inthe pub lic a llya va ila b le sum m a rysta tistic sfrom the 2010 Tob a c c oa nd Ge ne tic sConsortium GW AS43.W e e va lua te d ourtopCOPD loc ia ssoc ia tionsfrom ove ra llm e ta -a na lysisw ith b oth c ig a re tte spe rd a ya nd e ve r-sm oking tra its.ForCOPD risk SNPsnotd ire c tly
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a na lyze d inthe Tob a c c oa nd Ge ne tic sConsortium GW AS,w e a tte m pte d toe xa m ine proxySN PsinLD (r2 > 0.5,1000 g e nom e spha se 1 CEU) w ith ourtopCOPD loc i.Toe xa m ine the g e ne tic c orre la tion45 ofCOPD a nd sm oking b e ha viours(c ig a re tte spe rd a ya nd e ve r-sm oking sta tus) ove rthe e ntire g e nom e ,w e pe rform e d LD sc ore re g re ssion44 usingsum m a rysta tistic sfrom ourc urre ntCOPD stud ya snote d a b ove a nd pub lic a llya va ila b le sum m a rysta tistic sfrom the 2010 Tob a c c oa nd Ge ne tic sConsortium GW AS43.
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rs13141641 HHIP 4q31.21 T C 0.594 (0.524-0.886) 1.231 (1.183-1.281) 1.16E-24 1.213 (1.16-1.267) 8.15E-18 9.10E-41
rs17486278 CHRNA5 15q25.1 C A 0.351 (0.244-0.442) 1.224 (1.177-1.273) 2.61E-24 1.126 (1.077-1.178) 2.35E-07 1.77E-28
rs7733088 HTR4 5q32 G A 0.602 (0.47-0.685) 1.178(1.129-1.229) 4.40E-14 1.177(1.127-1.229) 1.78E-13 5.33E-26
rs9399401 ADGRG6 6q24.1 T C 0.724 (0.615-0.748) 1.141 (1.095-1.189) 3.59E-10 1.174 (1.119-1.232) 6.18E-11 1.81E-19
rs1441358 THSD4 15q23 G T 0.332 (0.194-0.546) 1.132 (1.09-1.177) 2.06E-10 1.121 (1.071-1.172) 6.87E-07 8.22E-16
rs6837671 FAM13A 4q22.1 G A 0.405 (0.364-0.582) 1.157(1.115-1.2) 1.02E-14 1.066 (1.021-1.114) 3.75E-03 7.48E-15
rs11727735 GSTCD 4q24 A G 0.936 (0.926-0.988) 1.266 (1.167-1.374) 1.55E-08 1.246 (1.144-1.357) 4.93E-07 3.84E-14
rs754388 RIN3 14q32.12 C G 0.821 (0.804-0.865) 1.196 (1.136-1.258) 7.07E-12 1.108(1.05-1.169) 1.85E-04 4.96E-14
rs113897301 ADAM19 5q33.3 AT A 0.175 (0.052-0.187) 1.195 (1.13-1.263) 4.52E-10 1.127(1.066-1.192) 2.79E-05 1.58E-13
rs2047409 TET2 4q24 A G 0.618(0.222-0.649) 1.101 (1.059-1.146) 1.58E-06 1.136 (1.087-1.188) 1.95E-08 2.46E-13*
rs2955083 EEFSEC 3q21.3 A T 0.881 (0.854-0.893) 1.195 (1.123-1.272) 2.00E-08 1.167(1.093-1.246) 4.01E-06 4.16E-13
rs7186831 CFDP1 16q23.1 A G 0.435 (0.226-0.472) 1.125 (1.07-1.183) 3.54E-06 1.116 (1.069-1.165) 6.63E-07 1.12E-11*
rs10429950 TGFB2 1q41 T C 0.731 (0.216-0.773) 1.117(1.071-1.164) 1.83E-07 1.096(1.044-1.15) 1.94E-04 1.66E-10*
rs2070600 AGER 6p21.32 C T 0.955 (0.85-0.987) 1.276 (1.151-1.414) 3.54E-06 1.208(1.105-1.319) 2.96E-05 5.94E-10*
rs17707300 CCDC101 16p11.2 C T 0.373 (0.109-0.433) 1.122 (1.079-1.167) 6.24E-09 1.063 (1.018-1.111) 6.10E-03 6.75E-10
rs2806356 ARMC2 6q21 C T 0.184 (0.052-0.242) 1.125 (1.071-1.181) 2.84E-06 1.116 (1.057-1.178) 6.88E-05 8.34E-10*
rs16825267 PID1 2q36.3 C G 0.929 (0.874-0.942) 1.242 (1.149-1.342) 5.22E-08 1.131 (1.045-1.224) 2.27E-03 1.68E-09*
rs2076295 DSP 6p24.3 T G 0.554 (0.442-0.581) 1.107(1.067-1.149) 4.95E-08 1.061 (1.016-1.107) 7.45E-03 3.97E-09
rs647097 MTCL1 18p11.22 C T 0.269 (0.259-0.399) 1.106 (1.06-1.154) 3.03E-06 1.089 (1.038-1.142) 4.66E-04 6.14E-09*
rs1529672 RARB 3p24.2 C A 0.831 (0.675-0.862) 1.162 (1.106-1.221) 2.37E-09 1.048(0.991-1.109) 9.95E-02 2.47E-08
rs721917 SFTPD 10q22.3 G A 0.422 (0.392-0.631) 1.092 (1.053-1.132) 2.11E-06 1.068(1.023-1.115) 2.60E-03 2.49E-08*
rs12459249 CYP2A6 19q13.2 C T 0.662 (0.617-0.702) 1.126 (1.071-1.183) 2.89E-06 1.077(1.029-1.127) 1.35E-03 3.42E-08*OR = od d sra tio,CI= c onfid e nc e inte rva l.* Ge nom e -w id e sig nific a ntinove ra llm e ta -a na lysisonly
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Fig ure 1.Stud yd e sig nshow ing c ohortsuse d ine a c h sta g e ofthe a na lysis.





T opresultsfrom S tage1 analysis
testedinU KBiL EVEstudy.
S tudy CO P D Cases Controls
U KBiL EVEN everS m okers 3737 4871
U KBiL EVEHeavy S m okers 5761 4877
T O T A L 9498 9748
S tudy CO P D Cases Controls
AR IC 1060 6164
B58 205 3665
CHS EA 736 1586
CO P ACET IC 397 1906
CO P DGeneN HW 3068 2110
ECL IP S E 1741 149
EO CO P D* 394 495
ICGN * 1852 557
EQ T L 252 224
FHS 701 5110
L ifeL ines 466 9863
L ovelace 259 641
M ES A Caucasian 167 754
N ET T -N AS 376 435
N orw ay/GenKO L S 846 695
R S 1 112 815
R S 2 94 811
R S 3 106 1596
S P IR O M ICS 571 175
T CGS -P oland * 307 311
CHS AA 138 292
CO P DGeneAA 910 1556
KAR E 199 6741
M ES A AA 94 532
M ES A Hispanic 52 548
T CGS -Korea* 153 205
T O T A L 15256 47936
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Fig ure 3a -d .Re g iona la ssoc ia tion fornove lloc i.Loc usZoom plotsshow ing re g iona la ssoc ia tionofva ria ntsa tthe fournove lCOPD loc i.The pointsize isproportiona ltothe sa m ple size ,w he re Sta g e 1 c ohortsw ith a va ila b le g e notyping d a ta (Supple m e nta lFig ure sS1a -v) a ndthe UK BiLEVEc ohortd e te rm ine d the sa m ple size fore a c h topva ria nt.
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Fig ure 4 Ge ne tic c orre la tion (using LD score re g re ssion) b e twe e n CO PD a nd othe rtra its.Sha d ing a nd num b e rsre pre se ntsstre ng th ofc orre la tion.* ind ic a te snom ina l(P < 0.05)sig nific a nc e ,* * ind ic a te ssig nific a nta fte rBonfe rronic orre c tionfornum b e rofpa irw isec om pa risons.fe v1fvc a nd fe v1 = lung func tion(FEV1FVC ra tioa nd FEV1 from CH ARGE/SpiroM e ta 13,a sthm a ta ke nfrom the a sthm a GW AS b ythe GABRIELConsortium 40,ild = pulm ona ryfib rosisfromFing e rline ta l.32,62,b ilSm k = sub se tofsm oke rsinthe UK BiLEVEstud y16,sm kCpd = c ig a re tte spe rd a ysm oking from the Tob a c c oa nd Ge ne tic s(TAG) Consortium 43,sm kForm e r= c urre ntve rsusform e rsm oke rsfrom TAG,sm kOnse t= a g e ofsm oking initia tionfrom TAG,sm kEve r= e ve rve rsusne ve rsm oking from TAG.c a d = c orona rya rte ryd ise a se from the CARDIoGRAM stud y63,he ig ht64a nd b m i(b od ym a ssind e x)65 from the GIANT c onsortium ,b m d Lum b a ra nd b m d Fe m ora l= lum b a ra nd fe m ora lb one m ine ra ld e nsity,re spe c tive ly,from the Ge ne tic Fa c torsforOste oporosis(Ge FOS)Consortium 66.
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